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(54) LEFT ATRIAL APPENDAGE OCCLUDER

(57) A left atrial appendage occluder (200) compris-
es a sealing part (220), a fixing part (210) disposed at
one side of the sealing part (220), and a connection part
(230) for connecting the sealing part (220) and the fixing
part (210); the radial deformation capacity of the sealing
part (220) is greater than the radial deformation capacity
of the fixing part (210), and/or, the axial deformation ca-
pacity of the sealing part (220) is greater than the axial
deformation capacity of the fixing part (210). In the
present left atrial appendage occluder (200), the radial
or axial deformation capacity of the sealing part (220) is
configured to be greater than the radial or axial deforma-
tion capacity of the fixing part (210), such that the situa-
tion in which the sealing part (220) cannot be optimally
fitted with the opening of the left atrial appendage (10)
when the fixing part (210) is placed inside of the left atrial
appendage (10) is avoided, thereby enhancing the oc-
clusion effect. Additionally, the sealing part (220) has
great deformation capacity which reduces the risks of the
sealing part (220) causing abrasion to the opening of the
left atrial appendage or even breaking the opening of the
left atrial appendage. While avoiding the risks, the fixing
part (210) can better fix the occluder in the left atrial ap-
pendage (10) and prevent the occluder (200) from being
disengaged from the left atrial appendage.
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Description

Technical Field

[0001] The present disclosure relates to a medical de-
vice, and particularly relates to a left atrial appendage
occluder.

Background

[0002] At present, an occluder can be placed into the
left atrial appendage by a catheter-based interventional
method to prevent thrombus of the left atrial appendage
due to atrial fibrillation from ascending into the brain and
then causing a stroke; or to avoid systemic embolism
caused by the thrombus reaching other parts of the body
through the blood circulation system of a human body.
Such left atrial appendage occluders may generally in-
clude integrated type and split type in structure. For ex-
ample, a split occluder usually comprises a fixing part
and a sealing part which are connected to each other,
wherein the fixing part is placed in the cavity of a left atrial
appendage to fix the whole occluder, and the sealing part
seals the opening of a left atrial appendage to block the
blood from flowing into the cavity of the left atrial append-
age.
[0003] For such a split occluder, the fixing part and
sealing part thereof are connected constrainedly, and
cannot deform in a completely independent manner,
wherein one part will be pulled by the other part. For
example, once fixed in the cavity of a left atrial append-
age, the fixing part will pull the sealing part in the process
of adapting to the cavity structure of the left atrial append-
age and the activity of the left atrial appendage. In the
process of pulling, it may be caused that the sealing part
cannot fully fit the opening of the left atrial appendage,
forming a blood leakage passage between the left atrium
and the left atrial appendage, then being unable to seal
the opening optimally and thus causing the thrombus in
the left atrial appendage to flow out therefrom to cause
a stroke.

Summary of the Invention

[0004] The present disclosure provides a left atrial ap-
pendage occluder to solve the technical problem in view
of the defects in the prior art.
[0005] The technical solution employed by the present
disclosure to solve the technical problem thereof is to
provide a left atrial appendage occluder, comprising a
sealing part, a fixing part disposed at one side of the
sealing part, and a connection part for connecting the
sealing part and the fixing part; and the radial deformation
capacity of the sealing part is greater than the radial de-
formation capacity of the fixing part, and/or, the axial de-
formation capacity of the sealing part is greater than the
axial deformation capacity of the fixing part.
[0006] In the left atrial appendage occluder according

to an embodiment of the present disclosure, under the
action of the same radial force, a radial length variation
of the sealing part is greater than that of the fixing part,
or a radial length variation ratio of the sealing part is great-
er than that of the fixing part.
[0007] In the left atrial appendage occluder according
to an embodiment of the present disclosure, under the
same axial force, the displacement of the sealing part
along the direction of the axial force is greater than that
of the fixing part.
[0008] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the sealing
part comprises a plurality of braid wires and a fixed con-
necting part; wherein the distal ends of the plurality of
braid wires are fixedly connected with the connection part
respectively, and the proximal ends of the plurality of
braid wires are received and fixed by the fixed connecting
part respectively; and the sealing part comprises a disc-
shaped portion adjoined to the fixed connecting part, and
a transition portion extending between the disc-shaped
portion and the proximal end of the fixed connecting part.
[0009] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the sealing
part further comprises a sealing cap covering the transi-
tion portion and fixed to the proximal end of the fixed
connecting part.
[0010] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the sealing
cap comprises an end cap, and a sidewall connected
with the end cap; and the sidewall extends in an arc shape
from the proximal end to the distal end, and the end cap
is fixed to the proximal end of the fixed connecting part.
[0011] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the equiva-
lent diameter of the sealing cap is 2-5mm.
[0012] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the surface
of the proximal end of the disc-shaped portion is flat or
concave.
[0013] In the left atrial appendage occluder according
to an embodiment of the present disclosure, when the
surface of the proximal end of the disc-shaped portion is
a concave surface, the disc-shaped portion comprises a
first flat surface adjoined to the fixed connection compo-
nent, and an inclined surface connected with the first flat
surface.
[0014] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the disc-
shaped portion further comprises a second flat surface
connected with the inclined surface.
[0015] In the left atrial appendage occluder according
to an embodiment of the present disclosure, when the
surface of the proximal end of the disc-shaped portion is
a concave surface, the equivalent concave angle of the
concave surface is less than 180 degrees.
[0016] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the number
of the braid wires ranges from 12 to 168 or from 36 to
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144; and the diameter of each braiding wire is 0.01 to
0.5mm.
[0017] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the surface
of the braiding wire is coated with a bioceramic film.
[0018] In the left atrial appendage occluder according
to an embodiment of the present disclosure, the fixing
part comprises a plurality of supporting members, where-
in one end of each of the plurality of supporting members
is fixedly connected with the connection part respectively
and the other end includes a hung bearing section.
[0019] In the left atrial appendage occluder according
to an embodiment of the present disclosure, each hung
bearing section is provided with an anchor facing the
sealing part, wherein an inclined angle between the an-
chor and the hung bearing section ranges from 0 degree
to 90 degrees.
[0020] In the left atrial appendage occluder according
to an embodiment of the present disclosure, each hung
bearing section comprises a bearing portion and a bent
end portion connected with the bearing portion.
[0021] In the left atrial appendage occluder according
to an embodiment of the present disclosure, an included
angle between the bearing portion and the central axis
line of the left atrial appendage occluder ranges from 0
degree to 85 degrees; and an equivalent bend angle of
the tail portion ranges from 0 degree to 180 degrees and
the tail end of the tail portion is configured to a spherical
structure.
[0022] In a left atrial appendage occluder according to
an embodiment of the present disclosure, the relative
distance between the proximal end of the sealing part
and the distal end of the fixing part is 4-70mm.
[0023] In the left atrial appendage occluder according
to an embodiment of the present disclosure, an expand-
ing diameter of the sealing part is greater than an ex-
panding diameter of the fixing part.
[0024] In the left atrial appendage occluder according
to an embodiments of the present disclosure, the radial
or axial deformation capacity of the sealing part is set to
be greater than the corresponding radial or axial defor-
mation capacity of the fixing part, so that the situation
that the sealing part cannot be optimally fitted with the
opening of the left atrial appendage after the fixing part
is placed in the left atrial appendage can be avoided,
thereby enhancing the occlusion effect; and meanwhile,
owing to the great deformation capacity of the sealing
part, risks of abrasion or break of the opening of the left
atrial appendage caused by the sealing part may be re-
duced.

Brief Description of the Drawings

[0025] The present disclosure will be further described
in detail below in combination with drawings and embod-
iments, in the drawings:

Fig. 1 is a structural schematic diagram of an exem-

plary left atrial appendage occluder according to a
first embodiment of the present disclosure;
Fig. 2 is a structural schematic diagram of another
exemplary left atrial appendage occluder according
to the first embodiment of the present disclosure;
Fig. 3 is a structural schematic diagram of an exem-
plary left atrial appendage occluder according to a
second embodiment of the present disclosure;
Fig. 4 is a structural schematic diagram of another
exemplary left atrial appendage occluder according
to the embodiment 2 of the present disclosure;
Fig. 5 is a structural schematic diagram of an exem-
plary left atrial appendage occluder according to a
third embodiment of the present disclosure;
Fig. 6 is a structural schematic diagram of another
exemplary left atrial appendage occluder according
to the third embodiment of the present disclosure;
Fig. 7 is a structural schematic diagram of an exem-
plary left atrial appendage occluder according to a
fourth embodiment of the present disclosure;
Fig. 8 is a structural schematic diagram of another
exemplary left atrial appendage occluder according
to the fourth embodiment of the present disclosure;
Fig. 9 is a structural schematic diagram of an exem-
plary left atrial appendage occluder according to a
fifth embodiment of the present disclosure;
Fig. 10 is a structural schematic diagram of another
exemplary left atrial appendage occluder according
to the fifth embodiment of the present disclosure;
Fig. 11 is a structural schematic diagram of a left
atrial appendage occluder according to a sixth em-
bodiment of the present disclosure;
Fig. 12 is a structural schematic diagram of the seal-
ing part in Fig. 11;
Fig. 13 is a structural schematic diagram of the con-
nection part of a left atrial appendage occluder ac-
cording to a seventh embodiment of the present dis-
closure;
Figs. 14 and 15 are schematic diagrams for testing
the left atrial appendage occluder of the first embod-
iment by using a first exemplary testing method;
Figs. 15-18 are schematic diagrams for testing a li-
able deformation structure of the sealing part of the
first embodiment by using the first exemplary testing
method;
Fig. 19 is a schematic diagram for testing the left
atrial appendage occluder of the fourth embodiment
by using the first exemplary testing method;
Figs. 20 and 21 are schematic diagrams for testing
the left atrial appendage occluder of the fifth embod-
iment by using the first exemplary testing method;
Fig. 22 is a schematic diagram for testing the left
atrial appendage occluder of the sixth embodiment
by using the first exemplary testing method;
Figs. 23 and 24 are schematic diagrams for testing
a liable deformation structure of a sealing part of the
sixth embodiment by using the first exemplary testing
method;
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Fig. 25 is a schematic diagram for testing the left
atrial appendage occluder of the seventh embodi-
ment by using the first exemplary testing method;
Fig. 26 is a schematic diagram of another specific
testing structure of the first exemplary testing meth-
od;
Figs. 27 and 28 are schematic diagrams for testing
the left atrial appendage occluder of the first embod-
iment by using a second exemplary testing method;
Fig. 29 is a schematic diagram for testing the fixing
part of the left atrial appendage occluder of the fourth
embodiment by using the second exemplary testing
method;
Figs. 30 and 31 are schematic diagrams for testing
the left atrial appendage occluder of the fifth embod-
iment by using the second exemplary testing meth-
od;
Fig. 32 is a schematic diagram for testing the fixing
part of the left atrial appendage occluder of the sixth
embodiment by using the second exemplary testing
method;
Figs. 33-35 are schematic diagrams for testing the
left atrial appendage occluder of the first embodi-
ment by using a third exemplary testing method;
Figs. 36 and 37 are schematic diagrams for testing
the left atrial appendage occluder of the fifth embod-
iment by using the third exemplary testing method;
Fig. 38 is a schematic diagram for testing the sealing
of the left atrial appendage occluder of the sixth em-
bodiment by using the third exemplary testing meth-
od;
Fig. 1a illustrates a schematic diagram of the exem-
plary left atrial appendage occluder implanted into
the left atrial appendage according to the first em-
bodiment of the present disclosure;
Fig. 2a is a structural schematic diagram of the left
atrial appendage occluder in Fig. 1a;
Fig. 3a is a schematic diagram of a sealing part of
the left atrial appendage occluder in Fig. 2a;
Fig. 4a is a partial enlarged figure of the sealing part
in Fig. 3a;
Fig. 5a is a schematic diagram of the sealing cap in
Fig. 3a;
Fig. 6a is a schematic diagram of the sealing cap in
Fig. 3a;
Fig. 7a is a schematic diagram of a disc-shaped por-
tion which is a concave surface;
Fig. 8a is a schematic diagram of a disc-shaped por-
tion which is a concave surface;
Fig. 9a is a schematic diagram of the left atrial ap-
pendage occluder, in which the disc-shaped portion
is a concave surface, implanted into the left atrial
appendage;
Fig. 10a is a schematic diagram of an implementa-
tion way when the disc-shaped portion is a concave
surface;
Fig. 11a is a schematic diagram of another imple-
mentation way when the disc-shaped portion is a

concave surface;
Fig. 12a is a schematic diagram of a fixing part of
the left atrial appendage occluder in Fig. 1b;
Fig. 13a is a schematic diagram of supporting mem-
bers in Fig. 12a;
Fig. 14a is a schematic diagram of an anchor;
Fig. 15a is a schematic diagram of an inclined angle
between a bearing portion and an central axis line
of the left atrial appendage occluder; and
Fig. 16a is a schematic diagram of a bend angle of
a tail portion.

Detailed Description of the Invention

[0026] For the purpose of understanding the technical
features, the purpose and the effect of the present dis-
closure more clearly, the detailed description of the
present disclosure is described in detail with accompa-
nying drawings.
[0027] The left atrial appendage occluder (hereinafter
referred to as the occluder) according to an embodiment
of the present disclosure comprises a sealing part, a fix-
ing part disposed at one side of the sealing part, and a
connection part for connecting the sealing part and the
fixing part, wherein the radial deformation capacity of the
sealing part is greater than that of the fixing part, and/or
the axial deformation capacity of the sealing part is great-
er than that of the fixing part. For convenience, proximal
and distal positions are now defined. For example, the
sealing part is disposed at one side of the proximal end
of the fixing part, and the proximal end disc surface of
the sealing part is provided with a fixed connecting part
for connecting to an external delivery system. Various
specific structures of the left atrial appendage occluder
will be shown below. It should be appreciated that the
following various occluder structures are just embodi-
ments and not intended to limit the present disclosure,
and the left atrial appendage occluders that are based
on the teachings of the present disclosure all fall into the
protection scope of the present disclosure.
[0028] After the left atrial appendage occluder accord-
ing to the embodiments of the present disclosure is im-
planted into a human body, its fixing part spread radially
within a cavity of the left atrial appendage and cling tightly
to the inner cavity wall of the left atrial appendage, and
thus is fixed within the cavity of the left atrial appendage
through its radial support force. Generally, what com-
monly clings tightly to the inner cavity wall of the left atrial
appendage is the maximum radial contour of the fixing
part; the sealing part covers or directly plugs the opening
of the left atrial appendage. When the size of the sealing
part in a natural state is far bigger than the opening of
the left atrial appendage, the sealing part is generally
fixed outside of the opening through the traction of the
fixing part, and the maximum radial edge region of the
sealing part is appressed tightly to the left atrial wall at
the opening to achieve covering. When the size of the
sealing part in natural state is slightly bigger than or equal
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to the opening of the left atrial appendage, generally the
sealing part is plugged directly into the opening. In these
two occlusion ways, the blood in a left atrium is prevented
from flowing into the cavity of a left atrial appendage, and
thrombi are prevented from entering the left atrium from
the left atrial appendage.

First embodiment

[0029] Referring to Figs. 1-2, the left atrial appendage
occluder 200 according to a first embodiment of the
present disclosure has a central axis 2. A fixing part 210
of the left atrial appendage occluder 200 converges at
one end and is connected with a connection part 230.
Moreover, the fixing part 210 comprises a concave zone
211 formed through the radially spreading from this end
to a distal end, and a hung zone 212 formed through the
extension from the concave zone 211 to a proximal end
after bending, wherein the hung zone 212 defines an
opening 3 toward the proximal end. The fixing part 210
may be braided integrally with braid wires. For example,
the concave zone 211 and the hung zone 212 are braided
bodies having a plurality of grids; and the fixing part 210
may also be formed by cutting of metal tubes. For exam-
ple, the concave zone 211 and the hung zone 212 re-
spectively comprise a plurality of cut metal rod parts that
may be connected with or spaced apart from one another.
According to requirements or demands, such as those
for making the deformation capacity of the fixing part
smaller than that of the sealing part, those of ordinary
skill in the art may choose suitable braid wires or metal
tubes, such as nickel-titanium alloy; and furthermore, the
wire diameters of braid wires, braiding methods and so
on, or the tube diameters, thicknesses of tube walls, cut-
ting widths and so on of suitable metal tubes may be
further chosen, which will not repeated herein.
[0030] In some specific implementations, the fixing
part 210 further comprises an edge zone 213A formed
through the bending and extension from the edge of the
hung zone 212 to the central axis 2. The edge zone 213A
will occupy a part of the opening 3, thereby blocking the
part of the opening 3. For example, the blocked opening
3 may be defined to be a fully open opening 3 or a partially
open opening 3 according to a ratio of a projected area
of the edge zone 213A on the maximum cross-section
of the opening 3 to the area of the maximum cross-section
of the opening 3, wherein, if the ratio is less than or equal
to 10%, then the blocked opening 3 is a fully open opening
3; and if the ratio is greater than 10%, then the blocked
opening 3 is a partially open opening 3. For example,
Fig. 1 illustrates the fully open opening 3 formed from the
edge zone 213A, and Fig. 2 illustrates the partially open
opening 3 formed from the edge zone 213B. It should be
known that the cross-section of the opening 3 is perpen-
dicular to the central axis 2, and as the opening 3 is de-
fined by the hung zone 212, the cross-section of the open-
ing 3 is formed by the maximum contour line of the hung
zone 212 around the central axis 2; and the projected

area of the edge zone 213A is defined by the projected
contour line of the edge zone 213A around the central
axis 2 on the cross-section of the above opening 3.
[0031] A sealing part 220 in this embodiment is a dual-
layer disc, such as, a dual-layer sealed disc in which a
proximal-side surface and a distal-side surface are con-
nected together at an edge. The dual-layer disc is a dual-
layer braided disc formed by heat setting of a braiding
mesh tube or a dual-layer cut disc formed by cutting a
nickel-titanium tube. The center of the proximal end of
disc surface of the sealing part 220 is provided with a
fixed connecting part 240 for connecting to an external
delivery system. The connection part 230 may be any
suitable structure, such as those with adjustable lengths
or non-adjustable lengths.

Second embodiment

[0032] Referring to Figs. 3-4, a difference between the
left atrial appendage occluder 200 in the first embodiment
and a left atrial appendage occluder 300 according to a
second embodiment is that the distance between a distal
end of a sealing part 320 of the left atrial appendage
occluder 300 and a distal end of the fixing part 310 along
the direction of a central axis 2 is basically equal to the
length of a connection part 330 itself along the central
axis 2. The connection part 330 may comprise a rod part
and may comprise a braided body, and may further com-
prise a plurality of metal wires bound together, which will
not be repeated herein.
[0033] The fixing part 310 converges at an end portion
and is connected with one end of the connection part
330, and the fixing part 310 comprises a distal end sur-
face zone 311 formed by radially spreading from the end
portion, and a hung zone 312 formed by extension from
the distal end surface zone 311 to the proximal end after
bending, wherein an opening 3 is defined by the hung
zone 312 towards the proximal end. The fixing part 310
may be integrally braided with braid wires. For example,
the hung zone 312 is a braided body having a plurality
of grids; the fixing part 310 may also be formed by cutting
a metal tube. For example, the hung zone 312 comprises
a plurality of cut metal rod parts connected with or spaced
apart from one another. Alternatively, the fixing part 310
and the connection part 330 respectively may be formed
by integrated braiding or integrated cutting. According to
requirements or demands, such as those for making the
deformation capacity of the fixing part smaller than that
of the sealing part, those of ordinary skill in the art may
choose suitable braid wires or metal tubes, such as nick-
el-titanium alloy; and furthermore, the wire diameters of
braid wires, braiding methods and so on, or the tube di-
ameters, thicknesses of tube walls, cutting widths and
so on of suitable metal tubes may be further chosen,
which will not repeated herein.
[0034] The same or similar as the definition mode of
the embodiment 1, the fixing part 310 in the embodiment
2 may form a fully open opening 3 or a partially open
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opening 3. For example, Fig. 3 illustrates the fixing part
310 with a fully open opening 3, and Fig. 4 illustrates the
fixing part 310 with a partially open opening 3. The open-
ing 3 is partially blocked by an edge zone 313 which is
formed by bending and extension from the edge of the
hung zone 312 towards the central axis 2.

Third embodiment

[0035] A difference between the left atrial appendage
occluder 200 of the first embodiment and a left atrial ap-
pendage occluder 400 according to a third embodiment
is that: a fixing part 410 of the left atrial appendage oc-
cluder 400 converges at an end portion and is connected
with a connection part 430, and the fixing part 410 com-
prises a proximal end surface zone 411 formed by radially
spreading from this end portion, and a hung zone 412
formed by the extension from the proximal end surface
zone 411 to the distal end after bending, wherein an
opening 3 is defined by the hung zone 412 towards the
distal end. The fixing part 410 may be integrally braided
with braid wires. For example, the proximal end surface
zone 411 and the hung zone 412 are braided bodies hav-
ing a plurality of grids. The fixing part 410 may also be
formed by cutting a metal tube. For example, the proximal
end surface zone 411 and the hung zone 412 respectively
comprise a plurality of cut metal rod parts connected with
or spaced apart from one another. According to require-
ments or demands, such as those for making the defor-
mation capacity of the fixing part smaller than that of the
sealing part, those with ordinary skill in the art may
choose suitable braid wires or metal tubes, such as nick-
el-titanium alloy; and furthermore, the wire diameters of
braid wires, braiding methods and so on, or the tube di-
ameters, thicknesses of tube walls, cutting widths and
so on of suitable metal tubes may be further chosen,
which will not repeated herein. The structure of the fixing
part 420 may be the same as the structure of the sealing
part 220 of the embodiment 1, which will not be repeated
herein.
[0036] The same or similar as the definition mode of
the first embodiment, the fixing part 410 in the third em-
bodiment may be defined to be a fully open opening 3 or
a partially open opening 3. For example, Fig. 5 illustrates
the fixing part 410 with a fully open opening 3, and Fig.
6 illustrates the fixing part 410 with a partially open open-
ing 3. The opening 3 is partially blocked by an edge zone
413 which is formed by bending and extension from the
edge of the hung zone 412 to the central axis 2.

Fourth embodiment

[0037] A difference between the left atrial appendage
occluder 200 in the first embodiment and a left atrial ap-
pendage occluder 500 according to a fourth embodiment
is that: a fixing part 510 of the left atrial appendage oc-
cluder 500 comprises a proximal end surface zone 511,
a distal end surface zone 512, and a cylindrical surface

zone 513 for connecting the proximal end surface zone
511 and the distal end surface zone 512, wherein a cavity
4 is cooperatively defined by the proximal end surface
zone 511, the distal end surface zone 512 and the cylin-
drical surface zone 513; and a connection part 530 is
connected with the proximal end surface zone 511. For
example, Figs. 7 and 8 illustrate the approximately cylin-
drical fixing part 510 respectively, and the difference ther-
ebetween just lies in that: the fixing part 510 in Fig. 8
further comprises a distal end portion 514,and the distal
end surface zone 512 converges at the distal end portion
514.
[0038] The fixing part 510 may be integrally braided
with braid wires or be formed by cutting of metal tubes.
For example (see Fig. 8), if the fixing part 510 is integrally
braided with braid wires, all of the braid wires converge
at the distal end portion 514 and are fixed to be prevented
from being dispersed; and if the fixing part 510 is formed
by cutting of metal tubes, all of the cutting units converge
at the distal end portion 514. According to requirements
or demands, such as those for making the deformation
capacity of the fixing part smaller than that of the sealing
part, those with ordinary skill in the art may choose suit-
able braid wires or metal tubes, such as nickel-titanium
alloy; and furthermore, the wire diameters of braid wires,
braiding methods and so on, or the tube diameters, thick-
nesses of tube walls, cutting widths and so on of suitable
metal tubes may be further chosen, which will not repeat-
ed herein The structure of a sealing part 520 may be the
same as the structure of the sealing part 220 of the em-
bodiment 1, which will not be repeated herein.

Fifth embodiment

[0039] Referring to Figs. 9 and 10 together, a sealing
part 620 of a left atrial appendage occluder 600 in ac-
cordance with a fifth embodiment of the present disclo-
sure is a dual-layer disc. The dual-layer disc comprises
a proximal end disc surface 621 and a distal end disc
surface 622, wherein a first opening 31 is defined in the
distal end disc surface 622, and the first opening being
defined at the center of the distal end disc surface 622.
A connection part 630 is connected with the distal end
disc surface 622 at the first opening 31, meanwhile the
first opening 31 is kept open. The connection part 630
may be integrally formed with the sealing part 620. An
end portion of the fixing part 610 is connected with the
connection part 630, and meanwhile the first opening 31
is kept open. The fixing part 610 comprises a concave
zone 611 formed by radially spreading from said end por-
tion to the distal end, and a hung zone 613 formed by
the extension from the concave zone 611 to the proximal
end after bending. A second opening 32 is defined by
the hung zone 613 being towards the proximal end. The
fixing part 610 may further comprise a distal end surface
zone 612 connecting the hung zone 613 with the concave
zone 611. The fixing part 610 may be integrally formed
with the connection part 630.
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[0040] The sealing part 620 may be a braided dual-
layer disc or a cut dual-layer disc. The connection part
630 may be selected to be of any suitable structure. The
fixing part 610 may be integrally braided with braid wires.
For example, the concave zone 611 and the hung zone
613 are braided bodies having a plurality of grids; the
fixing part 610 may be also formed by cutting of metal
tubes. For example, the concave zone 611 and the hung
zone 613 respectively comprise a plurality of cut metal
rod parts that may be connected with or spaced apart
from one another. According to requirements or de-
mands, such as those for making the deformation capac-
ity of the fixing part smaller than that of the sealing part,
those of ordinary skill in the art may choose suitable braid
wires or metal tubes, such as nickel-titanium alloy; and
furthermore, the wire diameters of braid wires, braiding
methods and so on, or the tube diameters, thicknesses
of tube walls, cutting widths and so on of suitable metal
tubes may be further chosen, which will not repeated
herein.. In addition, the sealing part 620, the connection
part 630 and the fixing part 610 may be integrally formed,
for example, integrally braided or integrally cut.
[0041] The same or similar as the definition mode of
the first embodiment, the fixing part 610 in this embodi-
ment may have a fully open opening 32 or a partially open
opening 32. For example, Fig. 9 illustrates the fixing part
610 with a second fully open opening 320, and Fig. 10
illustrates the fixing part 610 with a second partially open
opening 310. The second opening 32 is partially blocked
by an edge zone 614 which is formed by bending and
extension from the edge of the hung zone 613 to a central
axis 2.

Sixth embodiment

[0042] Referring to Fig. 11, a difference from the left
atrial appendage occluder 200 in the first embodiment is
that a sealing part 720 of a left atrial appendage occluder
700 a sixth embodiment of the present disclosure is a
single-layer disc, the single-layer disc being a braided
single-layer disc or a cut single-layer disc. For example,
referring to Fig. 12, the sealing part 720 may specifically
comprise a sealing disc surface 721 and a fixed connect-
ing part 722 located nearby the center of the sealing disc
surface 721. A central axis 2 penetrates through the fixed
connecting part 722, and a connection part 730 is con-
nected with the fixed connecting part 722. The fixed con-
necting part 722 is used for being connected with an ex-
ternal delivery system. If the sealing part 720 is a braided
single-layer disc, all the braid wires converge to the fixed
connecting part 722; and if the sealing part 720 is a cut
single-layer disc, all cut rod parts converge to the fixed
connection part 722. Further, the single-layer disc may
be covered with a PET or PTFE film to improve sealing
effect.
[0043] The connection part 730 and the fixing part 710
of the sixth embodiment may be the same as those in
the first embodiment. Of course, other suitable structures

may be also adopted as long as a deformation capacity
of the sealing part 720 is greater than that of the fixing
part 710. For example, the fixing part 710 of this embod-
iment may be any one of fixing part structures in the sec-
ond, third, fourth, or fifth embodiments or other structures
based on the teachings of the present disclosure.

Seventh embodiment

[0044] Referring to Fig. 13, a left atrial appendage oc-
cluder of a seventh embodiment is based on the left atrial
appendage occluder in the first embodiment, and it is
further defined that a connection part 230A is elastic and
may be pulled, compressed and/or bent under the effects
of a fixing part and/or a sealing part. The elastic connec-
tion part 230A may be a braided body or a cut body or
other various applicable structures, which will not be re-
peated herein. For example, Fig. 13 illustrates a spring-
shaped connection part 230A. Of course, the elastic con-
nection part 230A may be similarly applied to any one of
the left atrial appendage occluders in second, third,
fourth, fifth or sixth embodiments or other left atrial ap-
pendage occluders based on the teachings of the present
disclosure.
[0045] Whatever specific structures the sealing part,
the fixing part and the connection part are respectively
the left atrial appendage occluders of several embodi-
ments described above meet the requirements that the
axial deformation capacity of the sealing part is greater
than that of the fixing part and/or the radial deformation
capacity of the sealing part is greater than that of the
fixing part claimed in the present disclosure. Of course,
the left atrial appendage occluders meeting the require-
ment that the deformation capacity of the sealing part is
greater than that of the fixing part are not limited to the
above embodiments. Therefore, the above embodiments
are not limitations to the present disclosure, and any suit-
able left atrial appendage occluder meeting the require-
ment should be in the protection scope of the present
disclosure, and those with ordinary skill in the art may
select or design various suitable left atrial appendage
occluder structures based on the teachings of the present
disclosure.
[0046] The conclusion that deformation capacity of a
sealing part is greater than that of a fixing part could be
understood as meaning that under the same radial force,
the radial length variation of the sealing part is greater
than that of the fixing part, or the radial length variation
ratio of the sealing part is greater than that of the fixing
part, or could be understood as meaning that under the
same radial force, the displacement of the sealing part
along the direction of the axial force is greater than that
of the fixing part.
[0047] As seen from above, there are various testing
methods or representation methods for the deformation
capacity of the sealing part and that of the fixing part.
Some of the methods will be demonstrated in the follow-
ing examples. It should be understood that the following
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various testing methods or representation methods for
the deformation capacity are equivalent to each other,
so that the conclusion that the deformation capacity of
the sealing part is greater than that of the fixing part ob-
tained by adopting any one of the testing methods or
representation methods can satisfy the proposal of the
present disclosure that the deformation capacity of the
sealing part is greater than that of the fixing part.

First Exemplary Of Deformation Capacity Testing Meth-
od

[0048] In the present testing method, the radial defor-
mation capacity of a part (the fixing part or the sealing
part) may be represented by testing the radial length var-
iation of the part under the action of the same radial force.
For example, the radial deformation capacities of the fix-
ing part and the sealing part are respectively tested by
measuring the radial length variations thereof under the
action of the same radial force, resulting in that the left
atrial appendage occluder meets the requirement that
the radial length variation of the fixing part is less than
that of the sealing part; or, the radial deformation capac-
ities of the fixing part and the sealing part are respectively
tested by measuring the radial length variation ratios
thereof, resulting in that the left atrial appendage occluder
meets the requirement that the radial length variation ra-
tio of the fixing part is less than that of the sealing part.
This first exemplary of a deformation capacity testing
method will be described as below aiming at one or more
specific left atrial appendage occluder structures illus-
trated in the above said embodiments.
[0049] In the specific implementations of the first ex-
emplary testing method, a plate method may be adopted
to test the radial length variations of the fixing part and
the sealing part respectively under the same radial force.
For example, referring to Figs. 14 and 15, the plate meth-
od may be adopted to test the left atrial appendage oc-
cluder 200 in the first embodiment.
[0050] Referring to Fig. 14, first, a radial force F is ap-
plied onto the fixing part 210 via two parallel plates 61
and 62 while the sealing part 220 is maintained in an
expanded state freely. Specifically, the parallel plates 61
and 62 are oppositely placed on a diameter of the fixing
part 210 and respectively applied with equal and opposite
radial forces F; the diameter of the fixing part 210 passes
through the central axis 2 and is perpendicular to the
central axis 2; during the whole testing process, the two
parallel plates 61 and 62 are maintained in parallel with
each other, i.e., the two parallel plates 61 and 62 are
maintained in parallel with the central axis 2 throughout
the testing process; any one of the plates covers at least
the maximum radial contour of the fixing part 210, pref-
erably covers the entire fixing part 210 in a direction in
parallel with the central axis 2; and herein, the maximum
radial contour of the fixing part 210 is in the hung zone,
the whole hung zone being covered with both the two
plates during the testing process. If the diameter of the

fixing part 210 with plates in a naturally expanded state
is R1, the radial length variation of the fixing part 210
under the radial force F is nR1, which represents the
diameter D-value between the diameter before and after
radial compression, and the radial length variation ratio
is represented by nR1/R1. In order to avoid self defor-
mation of the plates during the radial force applying proc-
ess, the thickness of each plate is at least 5 mm, so that
the radial force may be uniformly applied everywhere on
the plate.
[0051] Referring to Fig. 15, the fixing part 220 is tested
by the same plate method as above, that is, under the
same radial forces F which are equal and opposite and
last for a same time. The radial length variation nR2 or
the radial length variation ratio nR2/R2 of the sealing
part 220 is tested while the fixing part 210 is in a naturally
expanded state, and at this moment, the maximum radial
contour of the sealing part 220 is on the disc edge of the
dual-layer disc. According to the testing conditions
above, under the same radial force, the radial length var-
iation nR2 of the sealing part 220 of the left atrial ap-
pendage occluder 200 according to the embodiments of
the present disclosure is greater than the radial length
variation nR1 of the fixing part 210; or, the radial length
variation ratio nR2/R2 of the sealing part 220 of the left
atrial appendage occluder 200 according to the embod-
iments of the present disclosure is greater than the radial
length variation ratio nR1/R1 of the fixing part 210.
[0052] Due to the dual-layer disc structure of the seal-
ing part 220 (e.g. comprising the proximal end disc sur-
face 221 and the distal end disc surface 222), the sealing
part 220 may be subject to various deformations under
a radial force. For example, referring to Fig. 16, when the
two plates under the action of a radical force respectively
move from 61 and 62 along a diameter 6 to 61’ and 62’,
the proximal end disc surface 221 and the distal end disc
surface 222 deform towards opposite directions. As
shown in Fig. 16, the proximal end disc surface 221 de-
forms and protrudes towards the proximal end, the distal
end disc surface 222 deforms and protrudes towards the
distal end, and then the radial displacement (along the
direction of the diameter 6) of the plates is tested as the
radial length variation of the sealing part 220. For another
example, referring to Figs. 17 and 18, when the two plates
under the action of a radical force respectively move from
61 and 62 to 61’ and 62’, the proximal end disc surface
221 and the distal end disc surface 222 may deform to-
wards the same direction, and the two disc surfaces as
shown in Fig. 17 deform and protrude towards the distal
end, and the two disc surfaces as shown in Fig. 18 deform
and protrude towards the proximal end, and then the ra-
dial displacement of the plates is tested as the radial
length variation of the sealing part 220.
[0053] The fixing part of the left atrial appendage oc-
cluder in the second embodiment also comprises an
opening facing to the proximal end, and the maximum
radial contour of the fixing part is in the hung zone thereof.
As measured with the same plate method, under the
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same action of a radial force, the radial length variation
nR2 of the sealing part of the left atrial appendage oc-
cluder is greater than the radial length variation nR1 of
the fixing part, or the radial length variation ratio nR2/R2
of the sealing part of the left atrial appendage occluder
according to the embodiment 2 of the present disclosure
is greater than the radial length variation ratio nR1/R1
of the fixing part. It should be understood that the struc-
ture of the sealing part of the left atrial appendage oc-
cluder in the second embodiment is the same as the
structure of the sealing part in the first embodiment, so
measurement of the sealing part will not be repeated.
[0054] The fixing part of the left atrial appendage oc-
cluder in the third embodiment also comprises an open-
ing facing to the distal end, and the maximum radial con-
tour of the fixing part is in the hung zone. As measured
by the same plate method, under the same action of a
radial force, the radial length variation nR2 of the sealing
part of the left atrial appendage occluder is greater than
the radial length variation nR1 of the fixing part., or the
radial length variation ratio nR2/R2 of the sealing part
of the left atrial appendage occluder according to the third
embodiment of the present disclosure is greater than the
radial length variation ratio nR1/R1 of the fixing part. It
should be understood that the structure of the sealing
part of the left atrial appendage occluder in the third em-
bodiment is the same as the structure of the sealing part
in the first embodiment, so measurement of the sealing
part will not be repeated.
[0055] Referring to Fig. 19, the fixing part 510 of the
left atrial appendage occluder 500 in the fourth embodi-
ment comprises a closed dual-layer disc, and the maxi-
mum radial contour of the fixing part 510 is in the cylin-
drical surface zone 513, so that two plates may cover the
entire cylindrical surface zone 513. As measured by the
same plate method, under the same action of a radical
force, the radial length variation nR2 of the sealing part
of the left atrial appendage occluder is greater than the
radial length variation nR1 of the fixing part., or the radial
length variation ratio nR2/R2 of the sealing part of the
left atrial appendage occluder according to the fourth em-
bodiment of the present disclosure is greater than the
radial length variation ratio nR1/R1 of the fixing part. It
should be understood that the structure of the sealing
part 520 of the left atrial appendage occluder 500 in the
embodiment 4 is the same as the structure of the sealing
part 220 in the first embodiment, so that the measurement
of the sealing part 520 will not be repeated.
[0056] The fixing part 610 of the left atrial appendage
occluder 600 in the fifth embodiment also comprises a
second opening facing to the proximal end, and the max-
imum radial contour of the fixing part 610 is in the hung
zone, as shown in Fig. 20. The sealing part 620 is a dual-
layer disc, and the maximum radial contour thereof is still
positioned at the edge of the disc surface of the dual-
layer disc, as shown in Fig. 21. As measured by the same
plate method of the left atrial appendage occluder in the
first embodiment, under the same action of a radial force,

the radial length variation nR2 of the sealing part of the
left atrial appendage occluder is greater than the radial
length variation nR1 of the fixing part or the radial length
variation ratio nR2/R2 of the sealing part of the left atrial
appendage occluder is greater than the radial length var-
iation ratio nR1/R1 of the fixing part.
[0057] The structure of the fixing part of the left atrial
appendage occluder in the sixth embodiment is the same
as that of any one of the left atrial appendage occluders
in the first to fifth embodiments, so that the measurement
of the fixing parts will not be repeated. The sealing part
720 in the sixth embodiment is a single-layer disc, the
maximum radial contour thereof is at the radial edge of
the disc surface, and similar to the dual-layer disc, two
plates 61 and 62 may be placed at the radial edge of the
disc surface for implementing the plate test. Under the
same action of a radial force, the radial length variation
nRZ of the sealing part 720 of the left atrial appendage
occluder is greater than the radial length variation nR12
of the fixing part or the radial length variation ratio
nR2/R2 of the sealing part of the left atrial appendage
occluder according to the sixth embodiment is greater
than the radial length variation ratio nR1/R1 of the fixing
part.
[0058] Similarly, when the two plates 61 and 62 radially
compress the single-layer disc respectively, the disc sur-
face of the single-layer disc may protrude from the radial
direction 6 and deform towards the distal end, referring
to Fig. 23, or the single-layer disc may also protrude from
the radial direction 6 and deform towards the proximal
end, referring to Fig. 24, and then the radial displacement
of the plate 61 or 62 may be tested as the radial length
variation of the sealing part. As measured under the same
action of a radial force, the radial length variation nR2
of the sealing part of the left atrial appendage occluder
is greater than the radial length variation nR1 of the fixing
part or the radial length variation ratio nR2/R2 of the
sealing part of the left atrial appendage occluder accord-
ing to the sixth embodiment of the present disclosure is
greater than the radial length variation nR1/R1 of the
fixing part.
[0059] Similarly, the left atrial appendage occluder in
the seventh embodiment may also be tested by the plate
method. In order to avoid deformation of the elastic con-
nection part 230A caused by adapting to the radial com-
pression of the fixing part or the sealing part in the radial
compression process of the plates, referring to Fig. 25,
in the process of measurement, a clamping component
7 is used for fixing one end portion of the connection part
230A. For example, when the fixing part is compressed,
the end portion, which is adjoined tightly to the fixing part,
of the connection part 230A is clamped, and when the
sealing part is compressed, the end portion, which is ad-
joined tightly to the sealing part, of the connection part
230A is clamped. The plate test method of the fixing part
and the sealing part is basically the same as any method
above-mentioned, and will not be repeated any more.
[0060] The above plate test method is only an exem-
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plary test method and is not intended to limit the present
disclosure. Those with ordinary skill in the art can use
any suitable method equivalent to the plate test method
to perform the test. For example, in another specific im-
plementation of the first test method, the radial force may
also be applied uniformly onto the periphery of a part to
be tested to carry out the test. Specifically, referring to
Fig. 26, three curved plates 63 may be evenly disposed
on the maximum radial contour of the part to be tested
(the fixing part or the sealing part) upwardly in the same
circumferential direction, a radial force F along radial di-
rection on said curved plates 63 is applied during test,
and the variation or variation ratio of the radial length R
of the part is tested. Similarly, in order to achieve a uni-
form radial force application, the thickness of each curved
plate may be set as at least 5mm. In addition, a radial
force tester (No. RX550-100) of Machine Solution Inc
(MSI) may also be used for testing the left atrial append-
age occluder.
[0061] After a left atrial appendage occluder was im-
planted in a human body, inappropriate choice of implan-
tation location may occur. For example, the fixing part
may be implanted too deeply into the cavity of the left
atrial appendage, resulting in an axial length of the nat-
urally expanded occluder being less than a relative dis-
tance between the implanted fixing part and sealing part,
thereby causing a mutually pulling action between the
fixing and sealing parts. Alternatively, after implanted,
the occluder moves along with the heart. Due to the dif-
ference of movement magnitude or direction in various
locations, the mutually pulling action may also occur be-
tween the fixing part and the sealing part. Generally, mu-
tual pulling between the fixing and sealing parts is carried
out by a connection part. When the fixing part is pulled
by the sealing part, as the fixing part is fixed to the cavity
of the left atrial appendage by a radial support force
around a peripheral zone of the central axis 2, and there-
fore, the fixing part is mainly attached closely to the pe-
ripheral zone of the cavity of the left atrial appendage to
resist such pulling action. Hence, axial pulling to the fixing
part will cause its radial deformation. If the pulling action
is large enough, it might cause the fixing part to separate
from the cavity wall of the left atrial appendage and then
fall off from the left atrial appendage occluder, resulting
in implantation failure. When the sealing part is pulled by
the fixing part, as the sealing part is of a disc surface
structure, and is connected to the connection part on the
disc surface, the axial pulling to the sealing part will cause
similar radial deformation.
[0062] Thus, when the fixing part and the sealing part
are pulled each other, one part which easily tends to de-
form radially will be pulled dominantly by the other one.
For example, under the same action of a radial force, the
radial length variation of the fixing part in accordance with
this embodiment of the present disclosure is less than
the radial length variation of the sealing part, or the radial
length variation ratio of the fixing part in accordance with
this embodiment of the present disclosure is less than

the radial length variation ratio of the sealing part. Then,
the fixing part will pull the sealing part dominantly in the
mutually pulling process, thereby causing the deforma-
tion of the sealing part toward the fixing part (or toward
the distal end). This deformation causes the sealing part
to be attached more closely to the left atrial wall at the
opening of the left atrial appendage as compared to the
naturally expanded state, thereby enhancing the sealing
effect of the sealing part to the opening of the left atrial
appendage, avoiding the formation of a gap between the
sealing part and the left atrial wall, further preventing
blood from flowing into the cavity of the left atrial append-
age and preventing thrombi from flowing into the left atri-
um through the gap to cause a stroke or systemic em-
bolism. Meanwhile, the fixing part dominating the pulling
is not easily pulled away from the cavity wall of the left
atrial appendage by the sealing part. Therefore, the oc-
cluder is more firmly fixed in the left atrial appendage,
avoiding the occluder from being disengaged from the
left atrial appendage.

Second Exemplary Of Deformation Capacity Testing 
Method

[0063] In this testing method, the axial deformation ca-
pacity of a part may be obtained by testing the axial (along
the central axis 2) displacement of the part under the
same action of an axial force while a certain part of the
part to be tested (the fixing part or the sealing part) is
constrained. The constraint is of an equal size constraint,
i.e., no elastic deformation occurs during the constraining
process, or the elastic deformation is slight, even sub-
stantially negligible. Further, it was selected to apply an
axial force at the location where no elastic deformation
will occur. For example, the same axial force may be
applied respectively to one end portion, which is connect-
ed to the connection part, of the part to be tested. The
axial displacement of the part to be tested is tested to
represent the respective deformation capacity. The axial
displacement of the part is the axial displacement at a
point of force exertion. The left atrial appendage occluder
meets the requirement where the axial displacement of
the fixing part is less than the axial displacement of the
sealing part. A second exemplary deformation capacity
testing method will be described in detail as below aiming
at one or more specific left atrial appendage occluders
as shown in all embodiments showed above.
[0064] The second exemplary deformation capacity
testing method may be adopted to test the left atrial ap-
pendage occluder of the first embodiment , in which the
fixing part and the sealing part are independently tested.
For example, only an individual fixing part or an individual
sealing part is tested each time.
[0065] Referring to Fig. 27, in the process of testing
the fixing part 210, an annular clamping component 71
is used to clamp the fixing part 210 at the maximum radial
contour in the circumferential direction. The annular
clamping component 71 surrounds the central axis 2 and
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is perpendicular to the central axis 2, and the maximum
radial contour of the fixing part 210 is in a hung zone 212.
In the clamping process, the radial size of the clamped
position of the fixing part 210 basically maintains the size
in a naturally expanded state, and the elastic deformation
may be basically ignored. At the end portion 214, which
is connected with the connection part, of the fixing part
210, an axial force F1 is applied along the central axis 2
and towards the direction of the sealing part 220, and
this end portion 214 may not generate elastic deformation
while the axial force F1 is applied. The axial displacement
nO1 of a projection O1 of the end portion 214 on the
central axis 2 along with the F1 is measured, and the
nO1 represents the deformation (or the deformation ca-
pacity) of the fixing part 210 in the second testing method;
and in the whole loading process of the axial force F1,
the self-clamping state of the clamping component 71 is
kept unchanged.
[0066] It can be seen from the above, after the left atrial
appendage occluder is implanted into a human body, un-
der the condition that part of the fixing part is clamped,
such as the fixing part 210 clamped at the maximum con-
tour in the first embodiment, the axial displacement
measured under the action of an axial pulling force shows
the axial deformation capacity of the fixing part pulled by
the sealing part with the constraint of the cavity of the left
atrial appendage, after the fixing part is implanted into
the cavity of the left atrial appendage. Pulled by the same
axial force, the larger the nO1 is, the more easily the
fixing part tends to deform.
[0067] Referring to Fig. 28, the sealing part 220 in the
first embodiment comprises a proximal end disc surface
221, a distal end disc surface 222, a proximal end tip 223
positioned on the proximal end disc surface 221, and a
distal end tip 224 positioned on the distal end disc surface
222, wherein the connection part is connected with the
distal end tip 224. In the process of testing the sealing
part 220, a clamping component 72 is used to directly
clamp the sealing part 220 at the distal end tip 224; and
at the proximal end tip 223 of the sealing part 220, an
axial force F1 is applied along the central axis 2 and away
from the fixing part 210, the axial force being identical
with the axial force in the process of testing the fixing part
210; and the axial displacement nO2 of the projection
02 of the proximal end tip 223 on the central axis 2 along
with the F1 is measured, and the nO2 represents the
axial deformation (or the deformation capacity) of the
sealing part 220 in the second testing method.
[0068] It can be seen from the above, after the left atrial
appendage occluder is implanted into a human body, un-
der the condition that part of the sealing part is clamped,
such as the sealing part 220 clamped at the distal end
tip 224 in the first embodiment , the axial displacement
with the application of an axial pulling force F1 shows the
axial deformation capacity of the sealing part 220 pulled
by the fixing part 210 with the constraint of tissue wall of
the opening of the left atrial appendage, after the sealing
part 220 is implanted into the cavity of the left atrial ap-

pendage. Pulled by the same axial force,, the larger the
nO2 is, the more easily the sealing part 220 tends to
deform.
[0069] It can be measured from the second exemplary
deformation capacity testing method, under the same ac-
tion of an axial force, the axial displacement nO1 of the
fixing part is less than the axial displacement nO2 of the
sealing part. It can be understood that when the fixing
part and the sealing part are pulled each other, one part
with the greater axial displacement is pulled dominantly
by the other part. For example, under the same action of
an axial force, the axial displacement of the fixing part
according to the embodiment of the present disclosure
is less than that of the sealing part. In the process that
the fixing part and the sealing part are pulled each other,
the fixing part dominantly pulls the sealing part, so that
the sealing part deforms towards the fixing part (or to-
wards the distal end). Such deformation makes the seal-
ing part more tightly appressed to the wall of the left atrium
at the opening of the left atrial appendage compared with
a naturally expanded state, thereby improving the sealing
effect of the sealing part on the opening of the left atrial
appendage, and avoiding the formation of a gap between
the sealing part and the wall of the left atrium, thus pre-
venting blood from flowing into the cavity of the left atrial
appendage and preventing thrombi from flowing into the
left atrium through the gap. Meanwhile, the fixing part
dominating the pulling is not easily pulled away from the
cavity wall of the left atrial appendage by the sealing part.
Therefore, the occluder is more firmly fixed in the left
atrial appendage, avoiding the occluder from being dis-
engaged from the left atrial appendage.
[0070] Similarly, the second exemplary deformation
capacity testing method may be used to test the left atrial
appendage occluder in other embodiments. For exam-
ple, the fixing part of the left atrial appendage occluder
in the second embodiment also comprises an opening
facing to the proximal end, and the maximum radial con-
tour of the fixing part is in the hung zone. Therefore, at
the maximum radial contour of the fixing part, an annular
clamping component may also be used to clamp the fixing
part. It can be measured from the same second exem-
plary deformation capacity testing method that, under the
same action of an axial force, the axial displacement nO1
of the fixing part of the left atrial appendage occluder is
less than the axial displacement nO2 of the sealing part.
It should be understood that the structure of the sealing
part of the left atrial appendage occluder in the second
embodiment is the same as that of the sealing part of the
left atrial appendage occluder in the first embodiment,
so that the test process of the sealing part will not be
repeated.
[0071] The fixing part of the left atrial appendage oc-
cluder in the third embodiment comprises an opening
facing to the distal end, and the maximum radial contour
of the fixing part is in the hung zone. Therefore, at the
maximum radial contour of the hung zone, an annular
clamping component may also be used to clamp the fixing
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part. It can be measured with the same second exemplary
deformation capacity testing method that, under the
same action of an axial force, the axial displacement nO1
of the fixing part of the left atrial appendage occluder is
less than the axial displacement nO2 of the sealing part.
It should be understood that the structure of the sealing
part of the left atrial appendage occluder in the third em-
bodiment is the same as that of the sealing part of the
left atrial appendage occluder in the first embodiment,
so that the testing process of the sealing part will not be
repeated.
[0072] The fixing part of the left atrial appendage oc-
cluder in the fourth embodiment (such as the left atrial
appendage occluder in Figs. 7 or 8) comprises a closed
two-layer disc, and the maximum radial contour of the
fixing part is in a cylindrical surface zone thereof. There-
fore, at the maximum radial contour of the cylindrical sur-
face zone, an annular clamping component may be used
to clamp the fixing part. It can be measured by the same
second exemplary deformation capacity testing method
that, under the same action of an axial force, the axial
displacement nO1 of the fixing part of the left atrial ap-
pendage occluder is less than the axial displacement
nO2 of the sealing part. It should be understood that the
structure of the sealing part of the left atrial appendage
occluder in the fourth embodiment is the same as that of
the sealing part of the left atrial appendage occluder in
the first embodiment, and therefore the testing process
of the sealing part will not be repeated.
[0073] The fixing part 510 of the left atrial appendage
occluder 500 shown in Fig. 8 further includes a distal end
portion 514 (see Fig. 29). In the case of testing the fixing
part by adopting the second exemplary deformation ca-
pability testing method, a clamping component 73 also
can be adopted at this distal end portion 514 to clamp
the fixing part 510 instead of clamping the fixing part at
the maximum radial contour; and subsequently, applying
the axial force F1, the axial displacement nO1 of the
fixing part 510 is tested while the other steps in the testing
method is the same.
[0074] The left atrial appendage occluder 500 in the
fifth embodiment is typically formed integrally, for exam-
ple, by integral braiding or integral cutting. Therefore, it
is impossible to divide it in a testing process, for example,
when the fixing part 610 is tested, it is impossible to in-
dependently separate the sealing part 620 therefrom,
vice versa. Therefore the testing method with regard to
the occluder 500 in the fifth embodiment is slightly differ-
ent from the testing method with regard to the occluder
in the first to fourth embodiments, but the testing princi-
ples are identical.
[0075] Referring to Fig. 30, in the process of testing
the fixing part 610, the annular clamping component 71
is adopted to clamp the fixing part 610 at the maximum
radial contour of the fixing part 610 along the circumfer-
ential direction. The annular clamping component sur-
rounds the central axis 2 and is perpendicular to the cen-
tral axis 2, and the maximum radial contour of the fixing

part 610 is in the hung zone thereof. Meanwhile, another
annular clamping component74 is adopted at the con-
nection part 630 to clamp the connection part 630, and
in the clamping process the radial size of the connection
part 630 is basically unchanged and elastic deformation
thereof can be substantially ignored. The axial force F1
is applied to the annular clamping component 74 along
the central axis 2 and away from the fixing part 610. The
axial displacement nO1 of a projection O1, of a position
where the axial force F1 is applied on the clamping com-
ponent 74, on the central axis 2 along with F1 is meas-
ured. This nO1 is adopted to represent the deformation
(or deformation capacity) of the fixing part 610 in the sec-
ond testing method.
[0076] Referring to Fig. 31, in the process of testing
the sealing part 620, the other annular clamping compo-
nent 74 can be used to clamp the connection part 630.
The same axial force F1 is applied along the central axis
2 and away from the fixing part 610, and the axial dis-
placement nO2 of a projection O1, of a position where
the axial force F1 is applied, onto the proximal end disc
surface 621, on the central axis 2 along with F1 is meas-
ured. The nO2 is used to represent the deformation (or
deformation capacity) of the sealing part 620 in the sec-
ond testing method. It may be measured that, under the
same action of an axial force F1, the axial displacement
nO1 of the fixing part 610 of the left atrial appendage
occluder 600 is less than the axial displacement nO2 of
the sealing part 620.
[0077] The structure of the fixing part of the left atrial
appendage occluder in the sixth embodiment is the same
as the structure of the fixing part in the fisrt to fifth em-
bodiments, and the testing process of the fixing part will
not be repeated here. Referring to Fig. 12, the sealing
part in the sixth embodiment is a single-layer disc, com-
prising, for instance, a sealing disc surface and a fixed
connecting part through which the central axis 2 pene-
trates, thus resulting in the impossibility to test with the
same testing method as the dual-layer disc. Referring to
Fig. 32, the maximum radial contour of the sealing part
720 is at the radial edge of the disc surface 721, and in
the same circumferential direction of this maximum radial
contour, an annular clamping component 75 is adopted
to constrain this sealing part 720. Similarly, the elastic
deformation of the single-layer disc can be ignored in the
clamping process. In the case of maintaining said clamp-
ing state, the axial force F1 is applied along the central
axis 2 and away from the fixing part from the fixed con-
necting part, and the displacement nO2 of the fixed con-
necting part 722 along the central axis 2 is measured.
[0078] When the same axial force F1 is adopted to test
the axial displacement of the fixing part, it is measured
that the axial displacement nO1 of the fixing part of the
left atrial appendage occluder is less than the axial dis-
placement nO2 of the sealing part.
[0079] When the second exemplary deformation ca-
pacity testing method is used to test the left atrial ap-
pendage occluder, each of the fixing part and the sealing
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part is tested individually. For example, only an individual
fixing part or an individual sealing part is tested each time
without considering the connection part in the testing
process. Therefore, as to the left atrial appendage oc-
cluder with an elastic waist in the seventh embodiment,
it can be tested by any one of the above methods, and
the testing result is the same as that with a non-elastic
waist, which will not be repeated herein.

Third Exemplary Of Deformation Capacity Testing Meth-
od

[0080] This testing method is substantially identical
with the above-mentioned second exemplary deforma-
tion capacity testing method, that is, both of which are to
represent the axial deformation capacity of a part by test-
ing the axial displacement of the part under the same
action of an axial force, with the part (the fixing part or
the sealing part) is partially constrained. The difference
of the two methods is that, when the axial force is applied,
the fixing parts in the two methods are constrained in
different manners, and the sealing parts in the two meth-
ods are also constrained in different manners, and the
occluders in particular embodiments will be illustrated
below.
[0081] The third exemplary deformation capacity test-
ing method may be used to test the left atrial appendage
occluder 200 of the first embodiment, wherein the fixing
part 210 and the sealing part 220 are tested individually.
For example, only an individual fixing part 210 or only an
individual sealing part 220 is tested each time.
[0082] Referring to Fig. 33, in the process of testing
the fixing part 210, the annular clamping component 76
is used to clamp the fixing part 210 at the maximum radial
contour of the fixing part 210 in the circumferential direc-
tion. The annular clamping component surrounds the
central axis 2 and is perpendicular to the central axis 2,
and the maximum radial contour of the fixing part 210 is
in the hung zone 212 thereof; in the clamping process,
the radial size of the clamped position of the fixing part
210 is smaller than the size of the fixing part 210 at a
naturally expanded state. The fixing part 210 is radially
compressed at the clamped position, for instance, the
maximum radial length of the compressed fixing part be-
ing 80% of that uncompressed, and of course, other pos-
sible compression proportions also being adopted but
not listed one by one. For example, a radial force F0 may
be applied to the annular clamping component 76, and
the fixing part 210 is radially compressed. An axial force
F2 is applied along the central axis 2 and towards the
direction of the sealing part 220 at the end portion 214,
which is connected with the connection part, of the fixing
part 210, and the end portion 214 does not generate elas-
tic deformation in the process that the axial force F2 is
applied. The axial displacement nO3 of the projection
03 of the end portion 214 on the central axis along with
the F2 is measured, and the nO3 is used to represent
the deformation (or the deformation capacity) of the fixing

part 210 in the third testing method.
[0083] It can be seen from the above that, after the left
atrial appendage occluder is implanted into a human
body with the fixing part 210 partially clamped, for exam-
ple, the fixing part 210 in the first embodiment clamped
at the maximum contour, the measured axial displace-
ment with the application of the axial pull force shows the
deformation capacity of the fixing part 210 which is im-
planted into the cavity of the left atrial appendage and
pulled by the sealing part 220 with the restraint of the
cavity of the left atrial appendage. With the same axial
pulling force, the larger the nO3 is, the more easily the
fixing part 210 tends to deform..
[0084] Referring to Figs. 34 and 35, the sealing part
220 in the first embodiment comprises a proximal end
disc surface 221, a distal end disc surface 222, and a
distal end tip 224 which is on the distal end disc surface
222, wherein the connection part is connected with the
distal end tip 224. In the process of independently testing
the sealing part 220, the annular fixing part 77 is used to
abut a disc surface at the maximum edge of the disc
surface of the sealing part 220 and towards the fixing
part 210, and meanwhile, the axial force F2 is applied
along the central axis 2 and towards the fixing part 210
at the distal end tip 224. In the axial pulling process of
the F2, the position of the abutted disc surface by the
annular fixing part 77 maintains unchanged in the direc-
tion of the central axis 2, and therefore the displacement
nO4 of a projection of the distal end tip 224 on the central
axis 2 is tested.
[0085] The sealing part 220 has different shapes, so
that in the testing process, the abutting positions of the
annular fixing part 77 are also different, and in general,
the annular fixing part 77 abuts against the maximum
radial edge of the sealing part 220 and towards the fixing
part. For example, referring to Fig. 34, the proximal end
disc surface 221 and the distal end disc surface 222 are
parallel and identical in size, and the disc surface, to-
wards the fixing part, of the sealing part 220 is the distal
end disc surface 222, and therefore in the testing proc-
ess, the annular fixing part 77 abuts against the maximum
radial edge of the distal end disc surface 222. Referring
to Fig. 35, the distal end disc surface 222 takes the shape
of a step, and therefore in the testing process, the size
of the annular fixing part 77 needs to be reasonably se-
lected making sure that the annular fixing part 77 can
completely joint to and abut against the maximum radial
edge of the distal end disc surface 222.
[0086] It can be seen from the above that, after the left
atrial appendage occluder is implanted into a human
body, a part of the sealing part is blocked by the cavity
wall of the left atrium at the opening of the left atrial ap-
pendage, wherein at least the maximum radial edge, to-
wards the fixing part, of the sealing part is blocked, and
therefore, in the process of testing the sealing part, under
the conditions that the annular fixing part abuts against
the sealing part towards the maximum radial edge of the
fixing part and keeping the sealing part not to generate
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displacement in the direction of the central axis 2, the
tested axial displacement of the sealing part with the ap-
plication of the axial pulling force shows the deformation
capacity of the sealing part which is implanted into the
cavity of the left atrial appendage and pulled by the seal-
ing part. With the same axial pulling force, the larger the
nO4 is, the more easily the fixing part tends to deform.
[0087] As measured from the third exemplary capacity
testing method, with the application of the same axial
force (F2), the axial displacement nO3 of the fixing part
is less than the axial displacement nO4 of the sealing
part. It can be understood that, when the fixing part and
the sealing part are mutually pulled, the one with a greater
axial displacement may be pulled dominantly by the other
one. For example, under the same action of an axial
force, the axial displacement of the fixing part according
to the embodiment of the present disclosure is less than
that of the sealing part, so that the fixing part may pull
the sealing part dominantly in the mutually pulling proc-
ess, and the sealing part deforms towards the fixing part
(or the distal end). Such deformation makes the sealing
part more tightly appressed to the wall of the left atrium
at the opening of the left atrial appendage compared with
a naturally expanded state, thereby improving the sealing
effect of the sealing part on the opening of the left atrial
appendage, and avoiding the formation of a gap between
the sealing part and the wall of the left atrium, thus pre-
venting blood from flowing into the cavity of the left atrial
appendage and preventing thrombi from flowing into the
left atrium through the gap. Meanwhile, the fixing part
dominating the pulling is not easily pulled away from the
cavity wall of the left atrial appendage by the sealing part.
Therefore, the occluder is more firmly fixed in the left
atrial appendage, avoiding the occluder from being dis-
engaged from the left atrial appendage.
[0088] In the same way, it is possible to adopt the same
third exemplary deformation capacity testing method to
test the left atrial appendage occluders in other embod-
iment, for example, the sealing parts of the left atrial ap-
pendage occluders in the second to fourth embodiments
are identical with the sealing part of the left atrial append-
age occluder in the first embodiment, all of which include
a dual-layer disc respectively, and therefore, it is possible
to adopt the same testing method as the one in the first
embodiment to test the deformation capacity of the seal-
ing part.
[0089] The left atrial appendage occluder 500 in the
first to fifth embodiments 5 is typically formed integrally,
for example, by integral braiding or integral cutting.
Therefore, it is impossible to take one of the parts in the
testing process. For example, when the fixing part 610
is tested, it is impossible to independently take the sealing
part 620 therefrom, vice versa. Therefore the testing
method with regard to the occluder 500 in the fifth em-
bodiment is slightly different from that in the first to fourth
embodiments, but the testing principles are identical.
[0090] Referring to Fig. 36, in the process of testing
the fixing part 610, the annular clamping component 76

is adopted to circumferentially clamp the fixing part 610
at the maximum radial contour of the fixing part 610. The
annular clamping component 76 surrounds the central
axis 2 and is perpendicular to the central axis 2, and the
maximum radial contour of the fixing part 610 is in the
hung zone thereof. Meanwhile, another annular clamping
component 74 is adopted at the connection part 630 to
axially clamp the connection part 630, and in the clamping
process the radial size of the connection part 630 is ba-
sically unchanged and its elastic deformation may be
substantially ignored. An axial force F2 is applied onto
the annular clamping component 74 along the central
axis 2 and away from the fixing part 610. The axial dis-
placement nO3 of the projection 03 of the position, where
the axial force F2 is applied on the clamping component
74, is measured on the central axis 2 along with F2. The
nO3 can represent the deformation (or deformation ca-
pacity) of the fixing part 610 in the third testing method.
[0091] The difference between the sealing part 620 in
the fifth embodiment and the sealing part 620 in the first
embodiment lies in that: the distal end disc surface of the
sealing part 620 comprises an opening at which the con-
nection part 630 is connected to the distal end disc sur-
face. In the testing process, referring to Fig. 37, the test-
ing method in the fifth embodiment is the same as the
testing method in the first embodiment which is that an
annular fixing part 77 is adopted to abut against the max-
imum radial contour of the distal end disc surface without
deformation along the central axis 2 in the axial pulling
process. The difference from the testing method in the
first embodiment is that the clamping component 74 is
used to clamp the connection part 630 which does not
generate elastic deformation substantially in the clamp-
ing process. Then, an axial force F2 is applied to the
clamping component 74 along the central axis 2 and to-
wards the fixing part. In the axial pulling process of F2,
the position of the abutted disc surface along the central
axis 2 keeps unchanged with the annular fixing part 77,
and therefore the displacement nO4 of a projection of
the clamping component 74 on the central axis 2 is tested.
It may be measured that, with the application of the same
axial force (F2), the axial displacement nO3 of the fixing
part is less than the axial displacement nO4 of the seal-
ing part.
[0092] Referring to Fig. 38, the sealing part 720 in the
sixth embodiment is a single-layer disc, for example, in-
cluding a sealing disc surface 721 and fixed connection
component 722, and the testing method thereof is iden-
tical with that of the sealing part 720 in the first embodi-
ment. That is, the annular fixing part 77 is adopted to
abut against the disc surface at the maximum edge of
one side of the sealing disc surface 721 toward the fixing
part. Meanwhile, an axial force F2 is applied to the fixed
connection component 722 along the central axis 2 and
towards the fixing part. In the axial pulling process of F2,
the position of the abutted disc surfacealong the central
axis 2 keeps unchanged with the annular fixing part 77,
and therefore the displacement nO4 of a projection of
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the fixed connection component on the central axis 2 is
tested. The fixing part of the sixth embodiment may be
any structure of the first to fifth embodiments, and there-
fore the testing process of the fixing part will not be re-
peated. It may also be measured that, under the same
action of an axial force (F2), the axial displacement nO3
of the fixing part is less than the axial displacement nO4
of the sealing part.
[0093] When the third exemplary deformation capacity
testing method is used to test the left atrial appendage
occluder, each of the fixing part and the sealing part is
tested individually. For example, only an individual fixing
part or an individual sealing part is tested each time with-
out considering the connection part in the testing proc-
ess. Therefore, as to the left atrial appendage occluder
with an elastic waist in the seventh embodiment, it can
be tested by any one of the above methods, and the
testing result is the same with the one without an elastic
waist, which will not be repeated herein.
[0094] Fig. 1a shows a schematic diagram of a partic-
ular structure 100 of the left atrial appendage occluder
200 implanted into a left atrial appendage according to
the first embodiment of the present disclosure. The left
atrial appendage 10 is in the left atrium 20 and between
the mitral valve 30 and the left superior pulmonary vein
40. Referring to Figs. 1a and 2a, the left atrial appendage
occluder 100 includes a sealing part 110, a fixing part
120 at one side of the sealing part 110, and a connection
part 130 for connecting the sealing part 110 and the fixing
part 120. The fixing part 120 is implanted into the cavity
10 of the left atrial appendage and is attached fixedly to
the cavity wall 11 of the left atrial appendage 10; and the
sealing part 110 covers and seals the opening of the left
atrial appendage 10 so as to prevent blood from flowing
therein..
[0095] Referring to Fig. 2a, in the natural state (i.e., in
the absence of external force), the relative distance H
between the proximal end of the sealing part 100 and the
distal end of the fixing part 120 is 4-70mm to meet the
size of the anatomy structure of the left atrial appendage
so as to ensure firm fixation. Specifically, the relative dis-
tance H is the one between a flat surface, where the
closest proximal end of the sealing part 110 is in and
which is perpendicular to the central axis line 140, and
another flat surface where the farthest distal end of the
fixing part 120 is in and which is perpendicular to the
central axis line 140. The expanding diameter of the seal-
ing part 110 and that of the fixing part 120 match to some
requirements, and generally the expanding diameter of
the sealing part 110 is greater than that of the fixing part
120 about 1-40mm to fit the different sizes of the anatomy
structures of the left atrial appendage. The expanding
diameter herein refers to the maximum circumferential
diameter of each part when the occluder 100 releases
and expands.
[0096] When the fixing part 120 is implanted into the
cavity of a left atrial appendage, particularly deeply into
the left atrial appendage by slightly stretching the left atri-

al appendage occluder 100 in the axial direction, the fix-
ing part 120, on the one hand, will deform to adapt to the
shape of the cavity of the left atrial appendage so as to
be secured to the cavity wall of the left atrial appendage,
and on the other hand, will flexibly deform as the left atrial
appendage moves itself. However, the fixing part 120
and the sealing part 110 are restrained by the connection
part 130, and therefore, in the above process, the fixing
part 120 will pull the sealing part 110, thereby making
the sealing part deform or slightly displace. In an embod-
iment of the present disclosure, since the sealing part
110 has stronger deformation capacity than the fixing
part 120, in the process of pulling, the sealing part 110
is easier to deform so as to be adjoined and attached
better to the opening of the left atrial appendage, thus
promoting the sealing effect of the sealing part 110 on
the basis of the inherent structure of the occluder 100.
Meanwhile, the sealing part 110 is easy to deform, which
correspondingly can reduce abrasion to tissues at the
opening of the left atrial appendage and reduce the pos-
sibility of inflammations, pericardial effusion or even car-
diac tamponade.
[0097] Referring to Figs. 3a and 4a, the sealing part
110 includes a plurality of braid wires 111 and a fixed
connection component 112, wherein the plurality of braid
wires 111 may be nickel-titanium metal wires or polymer-
ic biocompatible wires, which are braided into disc-
shaped braided bodies. For example, the diameter of
metal wires is 0.01- 0.5mm and the number of metal wires
may be chosen from 12 to 168, or from 36 to 144, par-
ticularly, wherein an even number of metal wires may be
chosen. The metal wires may be rationally allocated in
diameter and the number and subjected to heat process-
ing. The metal wires may also be coated with a biocer-
amic film so that the sealing part 110 has a suitable hard-
ness on the premise of maintaining certain rigidity.
[0098] The distal ends 111b of a plurality of braid wires
111 are all accommodated and fixed by the connecting
component 130 and the proximal ends 111 a braid wire-
sare all accommodated and fixed by the fixed connection
component 112, thus forming a closed braided body. For
example, the fixed connection component 112 in figure
includes an inner tube 112a and an outer tube 112b in a
nested configuration, with a gap left between the inner
tube 112a and the outer tube 112b. All the proximal ends
111a of the plurality of braid wires 111 are accommodat-
ed in the gap and are fixed with the fixed connection
component 112, such as, by welding. The inner surface
of the inner tube 112a may comprise internal screws to
connect a conveyer.
[0099] In terms of the structure, the sealing part 110
includes a disc-shaped portion 113 adjoined to the fixed
connection component 112, and a transition portion 114
extending between the disc-shaped portion 113 and the
proximal end of the fixed connection component 112, the
disc-shaped portion 113 and the transition portion 114
being different regions of the same braided body. The
expanded volume of the disc-shaped portion 113 may
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define the entire expanded volume diameter of the entire
sealing part 110. The braid wires 111 of the transition
portion 114 are bent so that the proximal ends 111a of
the braid wires 111 may be accommodated into the fixed
connection component 112 while the transition portion
114 covers at least part of the fixed connection compo-
nent 112. For example, the transition portion 114 in the
figures substantially covers the proximal end annular cir-
cumferential face of the fixed connection component 112.
[0100] The braid wires 111 of the transition portion 114
in bent arrangement tend to form a wavy surface struc-
ture, which is rather rough, and when the sealing part
110 is taken into a sheath tube, this structure may dam-
age the tip end of the sheath tube, or even the sealing
part 110 cannot be sheathed, leading to surgical failure,
and therefore, the sealing part 110 also comprise a seal-
ing cap 115 to cover the transition portion 114. Referring
to Figs. 3a, 5a and 6a, the sealing cap 115 includes an
end cap 115a, and a sidewall 115b connected to the end
cap 115a, and the end cap 115a may fixedly cover a part
of the fixed connection component 112. For example, the
end cap 115a in the figures is of an annular structure to
fixedly cover the proximal side of the inner tube 112a and
keeps the inner tube 112a unobstructed to not hinder the
connection between the fixed connection component 112
and the conveyer. The sidewall 115b is connected to the
end cap 115a in smooth transition, and the sidewall 115b
extends along the proximal end to the distal end in the
form of an arc to ensure the coverage of the transition
portion 114 of the sealing part 110. Further, the equiva-
lent diameter (or referred to as the maximum circumfer-
ential diameter) of the sealing cap 115 should be less
than the inner diameter of the sheath tube of the convey-
er, such that the occluder 100 can be assembled in the
sheath tube smoothly; and the equivalent diameter may
be 2-5mm, corresponding to the 6F-15 sheath tube.
[0101] The sealing cap 115 may substantially cover
the wavy structure formed by the tight arrangement of
the braid wires 111 in the transition portion 114 in order
to maintain smooth here. When the sealing part 110 is
assembled into the sheath tube, it can play a guiding role
and reduce friction, thus reducing the damage to the
sheath tube tip end and improving the success ratio of
surgery; and simultaneously, upon the implantation of
the occluder 100, creeping of the endothelial cells may
be promoted and the risk of thrombi formed by long-term
blood on the sealing part 110 is reduced.
[0102] Referring to Fig. 3a, the proximal end surface
of the disc-shaped portion 113 of the sealing part 110
may be a flat surface. Referring to Figs. 7a and 8a, the
proximal end surface of the disc-shaped portion 113 of
the sealing part 110 may be a concave surface, and the
equivalent concave surface angle D of the concave sur-
face is less than 180 degrees, and the equivalent con-
cave surface angle may be a conical surface angle when
the concave surface is a conical surface, or a conical
surface angle of an imaginary conical surface formed by
the concave surface and an extension surface thereof.

Referring to Fig. 9a, when the sealing part 110 is pulled
by the fixing part 120 to be attached tightly to the opening
of the left atrial appendage 10, the concave surface may
better adapt to the anatomy shape of the opening of the
left atrial appendage, and the optimal sealing effect is
realized.
[0103] The structure of the concave surface is various.
For instance, it may be a single conical surface structure,
and the equivalent concave surface angle is the conical
surface angle; or the concave surface can be formed by
combination of a plurality of surfaces, as long as the for-
mation of a proper effective concave surface angle is
guaranteed, and at this time, the equivalent concave sur-
face angle is the conical surface of the imaginary conical
surface formed by the concave surface and the extension
surface thereof. For example, referring to Fig. 10a, the
disc-shaped portion 113 comprises a first flat surface
113a adjoined to the fixed connection component 112,
and an inclined surface 113b which is connected with the
first flat surface 113a, wherein the first flat surface 113a
and the inclined surface 113b are in smooth continuous
transition. The first flat surface 113a is adjoined to the
fixed connection component 112, and that is connected
with a transition component, and the first flat surface 113a
may be an annular structure surrounding the transition
component 114 (or the fixed connection component 112)
in shape. The so-called "flat surface" refers to a flat sur-
face which is substantially perpendicular to the central
axis line 140 of the occluder 100. The inclined surface
113b may be of an annular structure surrounding the first
flat surface 113a, and is not paralleled to the "flat sur-
face", and has an inclination angle; and the concave sur-
face angle is formed by the conical surface angle of the
equivalent conical surface formed by the annular inclined
surface 113b and the extension surface thereof, and is
less than 180 degrees.
[0104] In the process that the fixing part 120 pulls the
sealing part 110 through the connection part 130, the
single conical surface structure is more liable to radially
contract and deform towards the inner part of the left
atrial appendage, so that the effective occlusion diameter
gets short, and the sealing part 110 cannot completely
and effectively cover the opening of the left atrial append-
age. While the disc-shaped portion 113 comprises a plu-
rality of surfaces, the first flat surface 113a is correspond-
ingly arranged at the connection part 130, and the flat
surface structure is not liable to radially contract and de-
form, so that the effective occlusion diameter is ensured.
On the other hand, the inclined surface 113b surrounding
the first flat surface 113a can better adapt to the anatomy
shape of the opening of the left atrial appendage, and
the optimal sealing effect is realized.
[0105] Referring to Fig. 11a, in another implementation
of the present disclosure, the disc-shaped structure com-
prises a first flat surface 113a which is adjoined to the
fixed connection component 112, an inclined surface
113b which is connected with the first flat surface 113a,
and a second flat surface 113c which is connected with
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the inclined surface 113b, wherein the first flat surface
113a and the inclined surface 113b are in smooth con-
tinuous transition, and the inclined surface 113b and the
second flat surface 113c are in smooth continuous tran-
sition. The first flat surface 113a and the inclined surface
113b are arranged referring to Fig. 10a, which will not be
repeated herein. In the same way, the second flat surface
113c is a "flat surface" structure which is substantially
perpendicular to the central axis line 140 of the occluder
100, and forms an inclination angle with the inclined sur-
face 113b. The second flat surface 113c may be an an-
nular structure surrounding the inclined surface 113b
structurally. Here, the concave surface angle is formed
by the conical surface angle of the equivalent conical
surface formed by the inclined surface 113b and the ex-
tension surface thereof, and is similarly less than 180
degrees. The second flat surface 113c facilitates to adapt
to the structure of the connection part of the left atrial
appendage and the left atrium 20, so that the optimal
jointing is achieved; and the integrally smooth surface
may also be formed on the surface of the left atrium 20
and other parts of the left atrium 20, so that blood flow is
facilitated, and meanwhile, the risk of thrombi is reduced.
[0106] Referring to Fig. 12a, the fixing part 120 com-
prises a plurality of supporting parts 121, wherein each
end of supporting members 121 is fixedly connected with
the connection part 130, and the other end comprises a
hung bearing section 122. In manufacturing, a metal tube
(such as the nickel-titanium tube) of which the diameter
is 0.25-5mm may be divided into at least one fixing frame
supporting members 121, and an end portion fixedly con-
nected with the connection part 130 is reserved and then
molded into a predetermined shape by heat processing,
so that the fixing part 120 is formed. Or at least one metal
wire (such as nickel-titanium wires) of which the diameter
is 0.1-1.5mm, or at least one metal sheet (such as nickel-
titanium sheets) of which the width is 0.1-0.8mm and the
thickness is 0.05-0.5mm, are molded into the predeter-
mined shapes by heat processing, so that the fixing part
120 is formed.
[0107] Referring to Fig. 13a, the hung bearing section
122 comprises a bearing portion 122a and a bent tail
portion 122b which is connected with the bearing portion
122a, wherein the bearing portion 122a is of a rod-shaped
structure usually and is attached and fixed to the cavity
wall of the left atrial appendage; the bent tail portion 122b
is formed by smoothly bending from the bearing portion
122a, the bending shape is approximately shaped as a
U or a V to reduce the damage of the occluder 100 to the
cavity wall of the left atrial appendage in the process of
a surgery. Meanwhile, the bent portion can be clamped
within the pectinate muscles of the cavity wall of the left
atrial appendage to improve the fixing capacity of the left
atrial appendage occluder 100. The tail end of the tail
portion 122b may also be set to be of a spherical structure
122c, so that the damage to the wall of the left atrial ap-
pendage is further reduced.
[0108] Referring to Fig. 14a, the anchor 123 facing the

sealing part 110 is arranged on the hung bearing section
122, is specifically arranged on the bearing portion 122a,
and is used for piercing into the cavity wall of the left atrial
appendage so as to further fix the occluder 100. An angle
A is formed between the anchor 123 and the bearing
portion 122a, and the angle A ranging from 0 degree to
90 degrees, so that the anchor 123 can pierce into but
not puncture the cavity wall of the left atrial appendage,
and the better fixing effect is achieved.
[0109] Referring to Fig. 15a, an angle B is formed be-
tween the bearing portion 122a and the central axis line
140 of the left atrial appendage occluder 100, and the
angle B ranging from 0 degree to 85 degrees, so that the
bearing portion 122a may cling to the cavity wall of the
left atrial appendage better, and furthermore a certain
supporting force is provided for the anchor 123 to pierce
into the cavity wall of the left atrial appendage, and mean-
while, it is ensured that the anchor 123 cannot puncture
the cavity wall and the left atrial appendage occluder 100
is firmly fixed in the left atrial appendage. Referring to
Fig. 16a, the bend angle of the tail portion 122b is an
angle C which refers to an angle formed by an imaginary
extension line of the bearing portion 122a and an imag-
inary extension line of a linear segment of the tail portion
122b, and the angle C ranges from 0 degree to 180 de-
grees, so that the damage of the occluder 100 to the wall
of the left atrial appendage in a surgery is reduced as
much as possible.
[0110] In conclusion, in the left atrial appendage oc-
cluder according to the embodiments of the present dis-
closure, the deformation capacity of the sealing part is
configured to be greater than the deformation capacity
of the fixing part, such that the situation in which the seal-
ing part cannot be optimally fitted with the opening of the
left atrial appendage when the fixing part is placed inside
of the left atrial appendage is avoided, thereby enhancing
the occlusion effect. Meanwhile, owing to the great de-
formation capacity of the sealing part, risks of abrasion
or break of the opening of the left atrial appendage by
the sealing part may be reduced. Furthermore, the seal-
ing cap disposed on the surface of the proximal end sur-
face of the sealing part is capable of substantially cover-
ing the wavy structure formed by the densely arranged
braid wires in the transition portion to keep smooth herein,
thereby reducing damage to the tip of the sheath tube
and also accelerating climbing of endothelial cells after
the occluder is implanted, as well as reducing the risk of
thrombopoiesis on the sealing part due to long-term
blood.

Claims

1. A left atrial appendage occluder, comprising a seal-
ing part, a fixing part disposed at one side of the
sealing part, and a connection part for connecting
the sealing part and the fixing part, wherein the radial
deformation capacity of the sealing part is greater
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than that of the fixing part, and/or the axial deforma-
tion capacity of the sealing part is greater than that
of the fixing part.

2. The left atrial appendage occluder of claim 1, where-
in with the application of the same radial force, a
radial length variation of the sealing part is greater
than a radial length variation of the fixing part, or a
radial length variation ratio of the sealing part is
greater than a radial length variation ratio of the fixing
part.

3. The left atrial appendage occluder of claim 1, where-
in with the application of the same axial force, a dis-
placement of the sealing part along a direction of the
axial force is greater than a displacement of the fixing
part along the direction of the axial force.

4. The left atrial appendage occluder of any one of
claims 1-3, wherein the sealing part comprises a plu-
rality of braid wires and a fixed connecting part; distal
ends of the plurality of braid wires are fixedly con-
nected with the connection part respectively, and
proximal ends of the plurality of braid wires are re-
ceived and fixed by the fixed connecting part respec-
tively; and the sealing part comprises a disc-shaped
portion adjoined to the fixed connecting part, and a
transition portion extending between proximal ends
of the disc-shaped portion and the fixed connecting
part.

5. The left atrial appendage occluder of claim 4, where-
in the sealing part further comprises a sealing cap
covering the transistion portion and fixed to the prox-
imal end of the fixed connecting part.

6. The left atrial appendage occluder of claim 5, where-
in the sealing cap comprises an end cap, and a side-
wall connected to the end cap; and the sidewall ex-
tends in an arc shape from the proximal end to the
distal end, and the end cap is fixed to the proximal
end of the fixed connecting part.

7. The left atrial appendage occluder of claim 5, where-
in an equivalent diameter of the sealing cap is
2-5mm.

8. The left atrial appendage occluder of claim 4, where-
in a surface of the proximal end of the disc-shaped
portion is a flat or concave surface.

9. The left atrial appendage occluder of claim 8, where-
in when the surface of the proximal end of the disc-
shaped portion is a concave surface, the disc-
shaped portion comprises a first flat surface adjoined
to the fixed connecting part, and an inclined surface
connected to the first flat surface.

10. The left atrial appendage occluder of claim 9, where-
in the disc-shaped portion further comprises a sec-
ond flat surface connected to the inclined surface.

11. The left atrial appendage occluder of claim 8, where-
in when the surface of the proximal end of the disc-
shaped portion is a concave surface, an equivalent
concave surface angle of the concave surface is less
than 180 degrees.

12. The left atrial appendage occluder of claim 4, where-
in the number of the braid wires ranges from 12 to
168 or from 36 to 144; and a diameter of each braid-
ing wire is 0.01-0.5mm.

13. The left atrial appendage occluder of claim 4, where-
in the surface of the braiding wire is coated with a
bioceramic film.

14. The left atrial appendage occluder of any one of
claims 1-3, wherein the fixing part comprises a plu-
rality of supporting members, one end of each of the
supporting members is fixedly connected to the con-
nection part respectively and the other end includes
a hung bearing section.

15. The left atrial appendage occluder of claim 14,
wherein each hung bearing section is provided with
an anchor facing the sealing part; and an inclined
angle between the anchor and the hung bearing sec-
tion ranges from 0 degree to 90 degrees.

16. The left atrial appendage occluder of claim 14,
wherein the hung bearing section comprises a bear-
ing portion and a bent end portion connected to the
bearing portion.

17. The left atrial appendage occluder of claim 16,
wherein an inclined angle between the bearing por-
tion and a central axis line of the left atrial appendage
occluder ranges from 0 degree to 85 degrees; and
an equivalent bend angle of the end portion ranges
from 0 degree to 180 degrees, and the end portion
has a spherical tip.

18. The left atrial appendage occluder of any one of
claims 1-3, wherein a relative distance between the
proximal end of the sealing part and a distal end of
the fixing part is 4-70mm.

19. The left atrial appendage occluder of any one of
claims 1-3, wherein an expanding diameter of the
sealing part is greater than an expanding diameter
of the fixing part.
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